When nephrosis was recognized as a clinical entity, an increased concentration of serum cholesterol was observed to be a consistent feature of the syndrome (1) . Later it was found that phospholipid and triglyceride also are increased in nephrosis (2) (3) (4) (5) .
The increase in serum lipids in nephrosis is usually greatest in the cases with the lowest levels of serum albumin. It has not been established conclusively, however, that the hyperlipidemia is caused by hypoalbuminemia, and irregularities in the relationship between levels of serum lipids and serum albumin have been pointed out repeatedly (2) (3) (4) (5) .
After it was recognized that lipids exist in the serum in the form of lipoprotein macromolecules, techniques developed for the separation and characterization of proteins were applied to studies of lipoproteins. An abnormal distribution of cholesterol among the serum protein fractions precipitated by alcohol was found by Barr, Russ and Eder (6) in cases of nephrosis. Kunkel and Slater (7) observed an abnormal pattern of serum lipoproteins by zone electrophoresis-in part a result of increased quantities of unesterified fatty acid bound to the lipoproteins (8)-in nephrosis. Gofman, Rubin, McGinley and Jones (9) noted in nephrotic subjects that all classes of lipoproteins studied by them in the analytical ultracentrifuge (Sf 0 to 400) were increased.
In the present study lipoprotein fractions of sera from patients with nephrosis were isolated by the technique of ultracentrifugation at various densities and analyzed for lipids and protein. Levels of individual serum lipids are correlated with lipoprotein pattern, and also with serum lactescence and serum albumin concentration. It is emphasized that lipoprotein patterns of different sera may differ greatly even when serum cholesterol levels are the same.
METHODS
Subjects. Forty-four hospitalized patients with nephrosis or the nephrotic syndrome were studied. In a majority of cases the disease was considered to be idiopathic. There was one case of systemic lupus erythematosus (N.G.) and one of primary amyloidosis with renal involvement (M.K.). Symptoms of nephrosis in different cases ranged from severe to mild. Clinical features of many of the cases have been described in detail elsewhere (10) . Most of the patients were ambulatory and were taking food satisfactorily. Sera obtained during periods of severe complications, experimental procedures, or therapy (other than sodium restriction and symptomatic care) were excluded. Likewise, sera obtained soon after admission to the hospital or soon after a change in clinical condition of the patient were excluded if the results were shown by repeated subsequent analyses to be aberrant. Results of analyses of 2 or 3 similar sera from the same patient are included in the tables in some instances but mean values for these duplicate sera are used in the charts and calculations. In the case of almost one-half of the patients, 2 or occasionally 3 dissimilar sera obtained in different stages of the disease, sometimes before and after complete or partial remissions, are included and counted individually. In a majority of cases the serum albumin and cholesterol levels which are recorded were shown by serial determinations to be approximately steady state values. Repeated determinations of the other lipids also were made in more than one-half of the cases.
Blood samples and analytical procedures. Blood specimens were taken by venipuncture about 7:30 a.m. after an overnight fast. Analyses of whole sera for lipids were made by methods previously employed in this laboratory (11, 12) , using ethanol-acetone for extraction of lipids in the analyses done prior to 1956 and chloroform-methanol (13) in the more recent analyses. Total lipid was determined by the method of Bragdon (14) , free and total cholesterol by the Schoenheimer-Sperry method (15) , and lipid phosphorus by a modification of the method of Stewart and Hendry (16) . Phospholipid was calculated as lipid phosphorus times 25. Triglyceride was calculated by difference (14) , with a correction for interference by nonlipid substances in cases of extracts made with ethanol-acetone (13) . Serum albumin was determined by a modification of the dye interaction Figure 1 , and mean results of analyses of the sera of the various groups are presented as multiples of normal values (11, 12) in Figure 2 . Total cholesterol concentration as already noted was above 350 mg per 100 ml in all sera of Category A. Mean TC was greatest in Group 1 and progressively less in the other groups. The range of values in all groups of Category A overlapped, however, and mean values for Groups 2, 3 and 4 were not greatly different. Free cholesterol (FC) in all sera was increased at least in proportion to the increase in TC, and in the lactescent sera a greater than normal fraction of total cholesterol was free. Phospholipid (PL) was increased whenever TC was increased but to a lesser degree; the ratios of TC/PL were greater than normal in all sera with increased lipids and were greatest in the sera with the greatest concentrations of TC ( Figure 3 ). Values of TC/PL were correlated on average with the degree of lactescence of the sera but the relationship was in- The normal values are shown in Table II. ship between TC and TG was very irregular as may be seen in Figure 1 . Thus there were qualitative as well as quantitative differences in the lipids in the different sera. These qualitative differences were related to differences in lipoprotein pattern which are discussed below. The normal values are shown in Table IV . ethanol-acetone soluble phosphorus remaining in the infranatant solution after centrifugation of the sera at D 1.21 varied considerably within each group, with no consistent difference from one group to another. The values in terms of phospholipid (P X 25) ranged from 5 to 25 mg per 100 ml of serum with a mean of 15 mg per 100 ml, compared with a normal range of 15 to 27 mg per 100 ml (11) . The infranatant solution in the few cases analyzed was found to contain less than 3 mg of cholesterol per 100 ml of serum.
Summarizing the principal lipoprotein alterations in the different groups of sera with increased lipids, the lipoproteins of D < 1.019 were excessive in Group 1, both the D < 1.019 and the D 1.019-1.063 fractions were moderately increased in Groups 2 and 3, and principally the D 1.019-1.063 fraction was increased in Group 4. The D 1.063-1.21 fraction was diminished in Groups 1 through 3. It is evident that the previously discussed differences in serum triglyceride and in TC/TG (and also in TC/PL and PL/ TL) in the different groups of sera were related to these differences in pattern of lipoproteins.
Different patterns of lipoproteins were also observed among the sera with slightly increased lipids (listed in Table III) , as might be expected from the differences in TG levels and TC/TG ratios. The very low density lipoproteins were considerably above normal in serum no. 59. In most of the other sera, however, the lipoprotein abnormalities were not impressive.
Very low density lipoproteins and lactescence. The D < 1.019 lipoprotein fraction which included a broad spectrum of lipoproteins was divided in some cases into D < 1.006 and D 1.006- 
Factors influencing lipoproteins
It is evident from data already presented that the quantity of serum lipoproteins and the lipoprotein pattern (variations of which were reflected in differences in serum TG and TC/TG) bore a relation to the degree of hypoalbuminemia which in general was a good index of the severity of the nephrotic syndrome. The lipoprotein pattern in particular was also influenced by other factors, as is indicated by the irregular relationship between triglyceride and albumin. There were relatively great day to day variations in triglyceride values even when conditions were apparently stable. The lipid relationships in some cases were altered by hospitalization without spe-cific therapy or changes in the disease. Changes in diet, glucose infusions (22) , albumin infusions (23), or steroid therapy often resulted in changes in concentrations of individual lipids and in lipoprotein pattern. A large decrease in all lipids, particularly in triglyceride, occurred within 48 hours in one case, during an acute infection complicated by vomiting and diarrhea. Several elderly patients with nephrosis complicated by other diseases (especially malignancies) had unusually low levels of lipids. An attempt was made to eliminate, in so far as possible, the effects of these various complicating factors in the present study.
Lipoprotein pattern seemed to differ somewhat from patient to patient, presumably due to differences in endocrine and metabolic regulation, even when the disease state and the environmental factors discussed above were similar. The same pattern recurred during successive relapses of the disease in some individual patients, and the patterns often remained relatively constant for periods of weeks or months. The patterns, of course, changed from time to time in a majority of the cases, usually in relation to changes in the disease but sometimes without apparent cause. The magnitude and pattern of the lipid alterations often changed as renal insufficiency developed, possibly as a result of the decrease in proteinuria.
DISCUSSION
It is generally recognized that hyperlipidemia of considerable degree occurs more consistently in nephrosis or in the nephrotic syndrome than in types of renal disease not associated with marked proteinuria or hypoalbuminemia. From this and other evidence (24) it has been suspected that the lipid disturbance in nephrosis may be causally related to the deficiency of albumin, though some contrary evidence has been presented by Heymann, Nash, Gilkey and Lewis (25) . The question is complicated by the irregular relationships among the individual lipids themselves, and even if deficiency of albumin is an important cause of the lipid disturbance, it may be that deficiency of other proteins of relatively small molecular size and possibly other entirely different disturbances also play a part. The present observations confirm the existence of a relationship between the levels of the serum lipids and serum albumin in nephrosis but indicate no more than the possibility that the hyperlipidemia is caused by hypoalbuminemia.
As already noted, levels of triglyceride were related irregularly to those of cholesterol and phospholipid, reflecting differences in lipoprotein pattern among the different sera. Total serum cholesterol and phospholipid were increased whenever albumin was decreased but triglyceride was regularly increased only when levels of serum albumin were very low. It is evident from these observations that the mechanisms regulating the concentrations of triglyceride were not identical with those governing the other lipids.
Serum triglyceride level was a good index of the quantity of very low density lipoproteins in the serum, and, in accord with the observations of Albrink, Man and Peters (26) (27) , from studies on experimental nephrosis in rats, postulated that an accumulation of triglyceride due to a disturbance in the clearing mechanism is the primary lipid alteration in nephrosis, and that cholesterol and phospholipid accumulate passively as a result of trapping by the triglyceride. Lipoproteins were not studied. It appeared in the present study that an increase in cholesterol often occurred in the absence of any significant increase in triglyceride. Evidence of a decreased rate of conversion of Sf 10 to 400 lipoproteins to those of higher density (Sf 3 to 9) was observed in children with nephrosis by Gitlin and associates (28) . This mechanism might explain in part the occurrence of sera of the Group 1 type with increased D < 1.019 lipoproteins, but other (perhaps earlier) disturbances must be present to account for increased levels of cholesterol, phos-pholipid, and D 1.019-1.063 lipoproteins in sera such as those of Groups 3 and 4. Knowledge of the biochemical basis of these disturbances is scant.
The composite picture of the lipoprotein alterations in nephrosis which is suggested by this study may be summarized as follows. When nephrosis of mild to moderate degree develops, there is an increase in lipoproteins of D 1.019-1.063 and consequently in serum cholesterol and phospholipid, often accompanied by little change from normal in D < 1.019 lipoproteins. As the syndrome becomes more severe, the quantity of D < 1.019 lipoproteins usually becomes progressively greater and is reflected in an increase in serum triglyceride and lactescence. At the same time, the D 1.019-1.063 lipoproteins fall toward or even below normal. Serum cholesterol and phospholipid continue to increase, but come to be present principally in the D < 1.019 instead of the D 1.019-1.063 fraction.
The reason for the inverse relationship between quantities of the D < 1.019 and the D 1.019-1.063 fractions is not clear. A decrease in the D < 1.019 fraction and a simultaneous increase in the D 1.019-1.063 fraction have been observed to occur early in remissions of the disease induced by steroid therapy and during the course of repeated albumin infusions. Reciprocal changes in the fractions in the opposite direction sometimes occurred during prolonged infusions of glucose (22) . The reciprocity between the fractions probably is not limited to nephrosis but is seen also in some other diseases. The decrease in one fraction as the other increased suggested the possibility of an interaction between lipoproteins of different densities in the serum. The relationship between the fractions seems to be metabolic, however, for in preliminary studies no change in quantity or composition of the fractions was noted when D < 1.019 and D 1.019-1.063 lipoproteins were mixed in various proportions and again separated at a density of 1.019 (29 
